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1. Introduction 
Oxygen is essential for the survival of aerobes, but 
it has long been known to be toxic to them when 
supplied at concentrations greater than those in nor- 
mal air [ 11. The biochemical mechanisms responsible 
for O2 toxicity include lipid peroxidation and the 
generation of Hz02 plus the superoxide free radical, 
O;- [2]. In biochemical systems 0, and HzO, react 
together to form the hydroxyl radical, which can 
attack and destroy almost all known biomoleculcs 
12-41. Neither lipid peroxidation nor generation of 
hydroxyl radicals (‘OH) occur in vitro, however, unless 
traces of metal ions, especially iron or copper, are 
present in the system [4,5]. Traces of such metal ions 
are present in all biological systems and any increase 
in the normal concentration of free iron or copper 
salts, e.g., after decompartmentalisation due to tissue 
damage, will potentiate the toxic effects of Oa [5]. 
Lipid peroxidation and ‘OH generation can often 
be prevented by the enzymes superoxide dismutase, 
catalase and glutathione peroxidase, which are impor- 
tant protective mechanisms in vivo [l-S]. Unfortu- 
nately, extracellular fluids contain little of these 
enzymes, although they contain transition metals in 
abundance [S] and can be exposed to 0, generated 
by white blood cells or by enzymes released from 
damaged cells [2-S]. However tissue fluids do con- 
tain caeruloplasmin, a copper protein which is capable 
of catalysing the oxidation of Fe*+ to Fe3*, the elec- 
trons being transferred to O2 with the production of 
water f6]. It seemed logical to us that the ferrotidase 
activity of caeruloplasmin could be a mechanism by 
which lipid pero~dation and the generation of ‘OH 
promoted by iron salts could be prevented, since 
caeruloplasmin should keep the iron in the Fe3’ state 
Elsevierf~orth-Notlond Biomedical Press 
and so prevent it from undergoing the redox cycles 
necessary to initiate toxic effects [4-61. Indeed, 
human blood serum and purified caeruloplasmin have 
already been reported to inhibit the lipid peroxida- 
tion occurring in a crude ox-brain homogenate, 
although this is a complex system to study (71. 
Here, we report the effects of caeruloplasmin, 
catalase and superoxide dismutase on lipid peroxida- 
tion in well-defined systems and on the degradation 
of DNA induced by exposure to iron salts. 
2. Materials and methods 
2.1. Reffgents 
Superoxide dismutase (spec. act. 2900 units/mg 
protein), catalase (bovine liver, thy~lol free>, a~bur~lin 
(bovine, fatty acid free) and caeruloplasmin (human, 
type III) were obtained from Sigma Chemicai Corp. 
The catalase was further purified on Sephadex G25. 
Bacteriophage PM2 DNA was obtained from 
Boehringer Ltd. All other reagents were of the highest 
quality available from BDH Chemicals Ltd. Bovine 
brain phospholipids were extracted as in [8]. 
Liposomes (S mglml) were prepared in 0.15 M 
NaCl buffered to pH 7.4 with NaHC03. Water used 
for the preparation of all reagents was treated with 
chelex to remove contaminating metal ions. After 
vortexing and swelling for 1 h under nitrogen at 4°C 
the liposomes were sonicated for 30 s (Rapidis 180). 
Liposomes (0.5 ml} together with 0.1 ml appropriate 
in~bitor were adjusted to 0.8 ml final reaction vol. 
by adding buffered NaCl and were pre-incubated for 
S min at 37°C. The reaction was started by the addi- 
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tion of a solution of freshly prepared Fe*’ (purged 
with nitrogen) and the incubation continlled for 
30 min at 37°C. On completion of incubation 1 ml 
buffered saline was added to each tube. A final iron 
concentration in the reaction mixture of 0.125 
mmol/l was used for the th~obarbituric acid (TBA) 
method, but it was necessary to raise this to 0.25 
mmol/l for the fluorescence method. 
2.3. Incubation of PIWZ--DNA 
Closed covalent circular PM2-DNA was dissolved in 
0.15 M NaCl (pH 7.4) to give 1 unit/ml final cont. 
Fluorescence studies were based on the method in [9] 
using the intercalation of ethidium bromide. DNA 
(0.1 ml) together with 0.1 ml inhibitor, finally adjusted 
to give 0.4 ml reaction vol. in each tube, were pre- 
incubated at 37’C for 5 min. The reaction was initiated 
by the addition of 0.1 ml Fe’+ prepared as described 
and incubation was continued for 60 min at 37°C. 
damage 
2.4.1. Lipid peroxidation 
For TBA reactivity, 1 ml 25% (v/v) HCl followed 
by 1 ml 1% TEA reagent were added and the tubes 
heated at 100°C for 15 min. The tubes were centrif- 
uged and the resulting chromogen in the supernatant 
was scanned from 500-600 nm. The ASj2 was cal- 
culated by subtraction of the AeM). For measurement 
of native fluorescence 3 ml chloroform:~let~tanoI 
(2:l) was added to each tube followed by vigorous 
vortex mixing for 2 min. The phases were separated 
by centrifugation and the upper methanol-water layer 
discarded. Methanol (OS ml) cleared the chloroform 
phase prior to measurement in the spectrofluorimeter. 
Native fluorescence of peroxidised phospholipids was 
measured as in [8]. Units were expressed as relative 
fluorescence intensity compared to a standard refer- 
ence block containing 10e7 M tetraphenylbutadiene. 
This was set to 100 units using the following instru- 
ment setting on a Perkin-Elmer MPF4: excitation 
350 nm; emission 440 nm; filter 430 nm; slits 10 nm; 
sensitivity X 1. Peroxidation fluorescence was mea- 
sured at 360 nm excitation, 430 nm emission, filter 
390 nm, slits 10 nm and sensitivity X I. 
2.4.2. DNA nicking 
Nicking of closed covalent circular DNA converts 
it to open circular DNA. Intercalation of ethidium 
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bromide followed by a heating and cooling cycle 
results in loss of fluorescence due to separation of the 
strands. After sample incubation 4.0 ml ethidium 
bromide was added and the tubes heated for 4 mirt at 
96”C, then rapidly cooled to 20°C for 5 min. Fluo- 
rescence was measured with reference to a block stan- 
dard containing 3 X 10m6 M rhodamine B set to 100 
units under the following instrument settings: excita- 
tion 480 nm;emission 580 nm;slits 10 mn;no filter; 
sensitivity X I. Test fluorescence was measured at 
525 nm excitation. 600 nnt emission, no filter, slits 
10 nm and sensitivity X 10. 
3. Results 
3.1. Lipid peroxidation 
Purified ox-brain-phospholipid liposomes do not 
undergo peroxidation in vitro unless metal ions are 
present [4]. However, addition of FeS04 at a 0.125 
mmol/l final cont. induced rapid peroxidation, in 
agreement with [4,10]. Lipid peroxidation was par- 
tially inhibited by superoxide dismutase or by cata- 
lase, but even large quantities of these enzymes could 
not prevent perox~dation completely (table 1). In 
contrast, caeruloplasntin was a much more powerful 
inhibitor. Heat-denatured CaeruIoplasmin or bovine 
serum albumin had much less effect. These results 
were obtained whether peroxidation was measured 
by a fluorescence technique for aldehydes or by the 
TBA method for lipid peroxides. Although caerulo- 
plasmin, like most copper complexes and proteins [5], 
can scavenge O;-, its rate constant for reaction with 
this radical is only 7 X lo5 as compared to 2 X IO9 
for copper-zinc superoxide dismutase [i I]. Hence 
inhibition of lipid peroxidation by caeruloplastnin 
cannot be attributed to its low dismutase activity 
since it is a far more effective inhibitor than pure 
superoxide dismutase (table 1). 
If the ability of caeruloplasmin to inhibit Fe’+- 
induced lipid peroxidation were due to its ferroxidase 
activity, as suggested in section 1, it should have no 
effect on peroxidation induced by other metal ions 
such as Cu’+. However, table 2 shows that caerulo- 
plasmin was a powerful inhibitor of Cu2’-catalysed 
peroxidation. 
3 2. DNA degradation 
Experiments using closed circular viral DNA have 
shown that iron salts at low concentratio~ls are capable 
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Table 1 
Effect of inhibitors on lipid peroxidation induced by Fe” 
Inhibitor added 
--- 
None 
Superoxide dismutase 
(0.04 mg/ml) 
Catalase 
(0.04 mg/ml) 
Superoxide dismutase f catalase 
(both at 0.04 mg/ml) 
Caeruloplasmin 
(0.06 mg/ml) 
Bovine serum albumin 
(0.08 mg/ml) 
Denatured caeruloplasmin 
(0.06 mgjml) 
-- 
Extent of peroxidation 
-~ _l__l__ 
As A,,, As fluorescence 
units at 430 nm 
~__ 
0.21 28 
0.15 21 
0.17 23 
0.14 20 
0.08 11 
0.20 25 
0.14 25 
.____. 
t% Inhibition of peroxidation 
____- 
As A ~$2 As fluorescence 
units at 430 nm 
0 0 
29 25 
19 18 
33 29 
62 61 
5 I1 
33 11 
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Peroxidation was measured either by the TBA method (results expressed as A,,,) or by the fluo- 
rescence method (results expressed as fluorescence units) A typical set of results is shown, but they 
were highly reproducible. Where indicated, caeruloplasmin was denatured by heating at 100°C for 
5 min 
of activating oxygen with resulting damage to the 
DNA moiecule. Damage can be decreased by adding 
superoxide dismutase and catalase [ 121. We have 
been able to confirm these results, and have also found 
in several experiments that caeru~op~asnlin at 0.12 
mg/ml in the reaction mixture inhibits DNA degrada- 
tion by 25---46%, whereas bovine serum albumin does 
not. 
4. Discussion 
Caeruloplasmin at the concentrations used here, 
which are well below the mean value of normal human 
serum (0.3 m~ml) [6], is an effective inhibitor of 
iron-dependent lipid peroxidation and DNA degrada- 
tion. Since serum caeruloplasmin levels rise in response 
to tissue damage or inflamnlation [6] it seems logical 
Table 2 
Effect of caeruloplasmin on lipid peroxidation induced by Cu*’ 
Inhibitor added Extent of peroxidation 
___. ..___ 
As A rz+a As fluorescence 
units at 430 nm 
% Inhibition of peroxidation 
___- 
As A ~$2 As fluorescence 
units at 430 nm 
_- 
None 0.17 39 0 0 
Caeruloplasmin 0.05 13.5 71 65 
(0.06 mgjml) 
Denatured 
caeruloplasmin 0.12 26 29 33 
Peroxidation was measured either by the TBA method (results expressed as A,,,) 
or by the fluorescence method (results expressed as fluorescence units). A typical 
set of results is shown, but they were highly reproducible. Where indicated, 
caeruloplasmin was denatured by heating at 100°C for 5 min 
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to suppose that it functions in vivo to protect the 
extracellular fluids against the damaging effects of 
decompartmentalised iron salts arising from patholog- 
ical processes. Although caeruloplasmin, like most 
copper proteins and complexes, has a weak superoxide 
dismutase activity [ 1 l] its anti-oxidant action is far 
greater than can be attributed to this. 
It is tempting to explain the inhibitory effects of 
caeruloplasmin on iron-catalysed processes by its 
ferroxidase activity, since heat-denaturation greatly 
reduces the effect. This cannot be the whole story, 
however, since caeruloplasmin is an equally powerful 
inhibitor of Cu2’-catalysed peroxidation. Further 
studies of these inhibitory effects are clearly required. 
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